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Cleistothecium formation, ascus initiation, and ascosporogenesis 
in Bmericella quadrilineata has been studied using, light, scanning, and 
transmission electron microscopy. Light microscopy studies support 
present data on the pattern of cleistothecial formation. That is, ini¬ 
tiation of cleistothecial formation is effected by the coiling of 
hyphae. The loose coils produce a globose body with a two- to three- 
cell thick wall inside of which asci ultimately arise. Asci appear to 
originate from an internal hyphal system that is associated with the 
inner layer of wall cells. Tips of this branching asoogenous hyphal 
system enlarge and differentiate into asci. Small chains or clusters 
of asci are irregularly dispersed in the cleistothecial matrix. 
The hyphae comprising the two outermost wall layers of the 
iii 
cleistothecim do not appear to be functionally involved in ascus 
formation. During cleistothecium development this network of hyphae 
segments and the cells become thick-walled and pigmented. Cells 
that make up the outer layers of the cleistotheciun gradually dis¬ 
integrate when the asci mature and ascospores released by ascus 
deliquescence are dispersed. Ascospore delimitation is effected by 
elaboration of the membrane system and increased vacuo lation. In¬ 
vagination of the membrane system from the outer periphery inward 
delimit the ascospores. This appears to be the process of asco- 
sporogenesis in Emericella quadrilineata. Mature developmental 
stages characteristically show vesicles and vacuoles. Lcmasanes are 
evident in most stages of development. Ultrastructural details of 
"Huile Cell" formation are as follows. Three patterns of huile cell 
formation seam to be operative: (1) terminal modification of hyphae, 
(2) intercalary modification of hyphae, and (3) huile cell formation 
by germination of another huile cell. The highly thickened huile 
cell wall appears to be the result of abundant vesicle activity. 
iv 
TABLE OF CONTENTS 
Page 
ABSTRACT  iii 
ACKNOWLEDGMENTS  iv 
LIST OF FIGURES  vi 
Chapter 
I. INTRODUCTIŒI  1 
II. REVIEW OF LITERATURE  4 
III. MATERIALS AND METHODS  18 
Procedure for Light Microscopy   18 
Procedure for Scanning Electron 
Microscopy (SEM)  19 
Procedure for Transmission Electron 
Microscopy (TEM)  20 
IV. OBSERVATIONS AND DISCUSSION  23 
Ascus and Ascospore Development  66 
Transmission Electron Microscopy of 
Ascus Development  76 
V. SUMMARY  105 
LITERATURE CITED  107 
V 
LIST OF FIGURES 
Figure Page 
1. Schematic representation of the life cycle for 
Bmericella quadrilineata  24 
2. SEM micrograph of a group of cleistothecia in a 
mycelium  25 
3. SEM of an individual cleistothecium with surround¬ 
ing huile cells 26 
4. SEM of a mature cleistothecium with wall partially 
exposed after removal of huile cells ... 28 
5. Light micrograph of a cleistothecium showing gross 
morphology, huile cell assocition, asci at various 
levels with mature ascospores 29 
6. Light micrograph of a cleistothecium showing the 
same features as in Fig. 3, at a higher magnifi¬ 
cation  29 
7. Light micrograph showing young hyphal coils  30 
8. Hyphal coils of several layers showing coil elabor¬ 
ation prior to the development of internal matrix . 30 
9. Light micrograph of a young hyphal coil showing 
the initial loose arrangement of the hyphal loops . 31 
10. Light micrograph of a young hyphal coil with 
the loops more compactly arranged  31 
11. Light micrograph of a hyphal coil showing a 
layering of the developing loops  32 
12. Light micrograph of a young cleistothecial 
initial with the internal region filled with 
hyphal branches  33 
13. Light micrograph of a young cleistothecial 
initial showing surface as well as internal 
branching of hyphae  33 
14. SEM of a young cleistothecial initial surrounded 
try clusters of huile cells  34 
15. Light micrograph of a young cleistothecial 
initial surrounded by huile cell clusters  34 
vi 
Page Figure 
16. Light micrograph of a group of mature huile 
cells showing the general morphology  36 
17. Schematic representation of huile cell structure 
and development  37 
18. Light micrograph showing huile cell initiation 
on hyphal branches  38 
19. Light micrograph showing mature huile cells  38 
20. Light micrograph showing huile cell developing in 
a terminal position 39 
21. Light micrograph showing huile cell developing 
in an intercalary position  39 
22. Light micrograph showing young huile cell in an 
intercalary position  40 
23. Light micrograph showing huile cell in different 
wall development stages  40 
24. Light micrograph showing adjacent huile cells 
developing  42 
25. Light micrograph showing mature intercalary huile 
cell  42 
26. Light micrograph of a mature terminal huile cell .. 43 
27. TEM section of a mature terminal huile cell  43 
28. TEM section of an immature huile cell  44 
29. TEM section of an immature huile cell showing 
wall structure at this stage or organization of 
protoplast   45 
30. TEM showing structure of huile cells at three 
different stages of development  47 
31. SEM showing huile cell initiation at different 
stages of development  48 
32. SEM showing roughened hyphae and associated 
huile cells  49 
vii 
Page Figure 
33. TEM section of portions of huile cells shewing 
enlarged internal structure of protoplasts in 
nature and immature huile cells  50 
34. TEM section of base of nature huile cell enlarged 
to show septum formation in extension between 
nature cell and newly forming huile cell  51 
35. TEM section through basal region of a nature huile 
cell showing connection with newly forming huile 
cell  52 
36. TEM section at base of mature huile cell showing 
relationship to newly forming huile cell  53 
37. TEM section through basal portion of nature huile 
cell showing part of hyphal connection to another 
huile cell 54 
38. SEM of compact huile cell cluster on surface of 
cleistothecium  56 
39. SEM of a huile cell cluster  57 
40. SEM of huile cells with associated subtending 
hyphae  58 
41. a. Light micrograph of a section through a 
cleistothecium showing 2-3-cell thick 
nature of cell wall and scattered huile 
cell association bearing hyphae  59 
b. Portion of the surface of the wall of a 
young cleistothecium showing darkened 
pseudoparenchymatous nature of the outer 
region of the wall  59 
42. SEM of a mature cleistothecium showing the 
attachment of huile cell producing surface 
hyphal strands  60 
43. TEM section through portion of the wall of a 
mature cleistothecium  62 
44. TEM of a portion of a cleistothecial wall and the 
associated inner hyphal system from which asci 
are derived  63 
viii 
Page Figure 
45. High magnification TEM section of cleistothecial 
wall cells ».  64 
46. TEM of a portion of the cleistothecial wall hyphal 
system that gives rise to asci 65 
47. Light micrograph of a portion of a mature cleisto- 
thecium shewing the relationship of the cleisto¬ 
thecial wall to the internal ascogenous hyphal 
system  67 
48. Light micrograph of the internal branched hyphal 
system of a young cleistothecium  68 
49. Light micrograph of the internal hyphal system of 
a more mature cleistothecium 68 
50. Light micrograph of young asci at different stages 
of development 69 
51. Light micrograph shewing several asci at different 
stages of development and a portion of an ascogen¬ 
ous hypha with a crozier-like segment 69 
52. Light micrograph shewing the internal ascogenous 
hyphal system of a young cleistothecium  70 
53. Light micrograph shewing various stages in ascal 
development in young cleistothecium  70 
54. SEM of the ascogenous system of a young cleisto¬ 
thecium  72 
55. SEM shewing clumps of asci at different stages 
of development  73 
56. SEM of a developing ascal cluster  74 
57. Enlarged SEM view of young asci  75 
58. TEM of a young cleistothecium showing its internal 
developing hyphal system 77 
59. TEM through wall region of cleistothecium shewing 
the relationship of the inner wall layer to the 
internal hyphal system  78 
60. Section of portion of an ascogenous hyphae   80 
ix 
Page Figure 
61. TEM of a section of end of crozier-like hyphal 
segment 81 
62. TEM of a crozier-like hypha segment  82 
63. TEM of sections of portions of several segments . 83 
64. TEM of a section through the terminal end of a 
crozier-like structure showing an ascus mother 
cell 84 
65. TEM through section of a young cleistothecium 
shewing the segment of the ascogenous hyphal 
system  84 
66. TEM of a section through an ascus mother cell ... 85 
67. TEM of developing asci originating from a ccmmon 
ascogenous hyphal branch 85 
68. TEM of ascus mother cell in 2-nucleate stage .... 87 
69. TEM of ascus mother cell containing several 
(probably four) nuclei  88 
70. TEM of a section through a young ascus showing 
details of internal organization to ascospore 
delimitation  89 
71. TEM of a young ascus similar to that shown in 
Fig. 70  89 
72. TEM of a section of an ascus at a developmental 
stage somewhat later than that shown in Figs. 
70 and 71  90 
73. TEM of a section of young asci at prespore 
delimitation stages  91 
74. TEM of a young ascus shewing typical wall 
structure, the broad inner, electron transparent 
zone and the narrow, electron dense outer zone .. 92 
75. TEM of an ascus showing an early stage of 
ascospore delimitation  94 
76. TEM of a section through an ascus showing newly 
delimited ascospores 95 
x 
Page Figure 
77. TEM of a section through an ascus with newly 
delimited ascospores  96 
78. TEM of a section through an ascus with 
delimited ascospore showing early wall develop¬ 
ment 96 
79. TEM section through an ascus with developing 
ascospores  97 
80. TEM section of an ascus with 3 ascospores at 
later stage of development than shown in 
Fig. 79  99 
81. TEM section through a nearly mature ascus with 
ascospores 100 
82. TEM section through a mature ascus showing 
ascospores with fully developed walls  100 
83. TEM section of mature ascospores free in the 
cavity of a cleistothecium  101 
84. SEM of a group of mature ascospores showing 
the spore profile, the snooth surface, and the 
four equatorial crests, two of which are 
conspicuous and two which are slightly reduced . 103 
85. High magnification SEM of mature ascospores 




Recent interest in conidium ontogeny as a criterion in the classi¬ 
fication of Hyphcmycetes has stimulated interest in spore ontogeny in 
perfect states as a means of establishing correlations between these 
states and the overall classification of fungal groups. Although it is 
unlikely that perfect state connections for all Hyphcmycetes will be 
established, there is no doubt that perfect-imperfect state correla¬ 
tions would be helpful in determining natural relationships or at least 
in refining the present systems of classification of both perfect and 
imperfect states. 
The genus Aspergillus dates back to Micheli (1729), who coined 
the term because of the similarity between the oonidial head and a holy 
water sprinkler. Link (1809) first used the names Pénicillium and 
Eurotium, the former for an imperfect state and the latter for a per¬ 
fect state. Fries (1821) recognized all three genera, and de Bary 
(1854) reported the connection between Aspergillus and Eurotium. 
Berkeley (1857) erected the genus Bnericella for the new species E. 
variecolor Berk. & Br. 
The genus Aspergillus is characterized by forming chains of 
conidia (phialoconidia) on phialides that surmount the swollen top of 
erect, unbranched, specialized hyphal branches (conidiophores). The 
conidia adhere to each other, extend horizontally, and are dry. That 
several Aspergilli produce perfect states is well known and, despite 
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the arguments for separate generic designations for some of these 
perfect states, opinion is still divided. Them and Paper (1945), and 
Raper and Fennell (1965), who have made valuable contributions to our 
knowledge of this group of fungi, retain the generic name Aspergillus 
for both perfect and irrperfect states. Those who follow the rules of 
botanical nomenclature use other generic names when the perfect states 
are found. These perfect states of Aspergilli are placed in the genera, 
Eurotium, Bmericella and Sartorya, as recognized by Benjamin (1955), or 
the recently described genus Hemicarpenteles. Other genera have been 
proposed by Subramanian (1972) to acccmmodate additional perfect states 
with Aspergillus irrperfect states. There is scare uncertainty about the 
relationships of sate of the new genera proposed, however. Thorough 
developmental studies of the ascocarps of these genera are needed and 
this, in time, should enable their relationship to be clearly ascer¬ 
tained. Emericella is characterized by its red to violet ascospores, 
phialides borne on metulae, and ascocarps embedded in masses of huile 
cells. The huile cells can range from globose to elongate or irregular 
in shape, and may be terminal and have only one "canal”, or intercalary 
and have two "canals". It has been suggested that the number of 
"canals" in the huile cells may be of taxonomic significance in differ¬ 
entiating species. Also, their size and shape my be of taxonomic 
value. Thus far these characters have attracted little attention. In 
Etnericella quadrilineata, the number of canals in huile cells vary. 
Locci and Quaroni (1971) examined almost four^fifths of all the cleisto- 
thecial species and varieties reported by Raper and Fennell (1965) with 
scanning electron microscopy. Their results confirm the practical 
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advantage of the use of scanning electron microscopy in the identifi¬ 
cation of ascosporic Aspergillus species. There is very little infor¬ 
mation, however, on the ultrastructural details of the developmental 
processes involved in the formation of cleistothecia, asci and asco- 
spores in the genus Qnericella. 
There are two purposes for the research undertaken here: (1) to 
compare and correlate light microscopy, transmission electron micros¬ 
copy, and scanning electron microscopy studies during developmental 
stages of the ascospore and asoospore wall in Bmericella quadrilineata ; 
and (2) to provide ultrastructural details on the developmental 
processes involved in the formation of the sexual reproductive 
structures. 
CHAPTER II 
REVIEW OF LITERATURE 
Ascosporogenesis has been of considerable interest to mycologists 
and cybologists for many years as evidenced by the extensive literature on 
this subject (Olive, 1944). tiitil recently the majority of workers used 
the light microscope for these investigations. There are fsv studies 
on the ultrastructural aspects of ascosporogenesis with most of the 
work confined to yeast studies. Major ultrastructural studies include 
Conti and Naylor (1960), Moore (1965), Bandoni et al. (1966), Carroll 
(1967a), Greenhalgh and Evans (1967), Reeves (1967), Lynn and Magee 
(1970), Moens (1971), Wells (1972), Beckett et al. (1973), Illingsworth 
(1973) , Merkus (1973), Beckett et al. (1974), and Kreger-van-Rij and 
Veenhuis (1975). 
In very few of the fine structural studies of ascospore forma¬ 
tion in the higher ascomycetes have data obtained been correlated with 
that provided by the light microscope. However, Wells (1972) provided 
a thorough study on ascus and ascospore ontogeny in Asoobolus 
steroorarius using light and transmission electron microscopy corre¬ 
lations. Reeves (1967) attempted to show the relationship between the 
light and electron microscope observations in Pyrcnema ccnfluens. 
Observations based on the light microscope have resulted in the report 
of four strikingly different methods of ascospore delimitation. These 
methods were reviewed by Reeves in his report on Pyrcnema oonf luens. 
Gjurasin (1893) reported that the divisions of the nuclei in the ascus 
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were karyokinetic and that asters were associated with the division 
process. In the 8-nucleate stage of the ascus, he described the fold¬ 
ing of the rays of the aster around the individual nuclei. Harper 
(1899) expanded on these observations of nuclear behavior and described 
"free cell formation", a unique process of spore delimitation that 
appears to be confined to the asccmycetes. A summary of the main 
points attributed to free cell formation is as follows: 
1. in the 8-nucleate ascus, each of the haploid nuclei 
forms a beak; 
2. the astral rays swing outward and down and form a 
thin membrane which cuts out the young spore; 
3. the membrane around each spore separates the sporo- 
plasm and included nucleus, leaving the epiplasm in 
the ascus. 
A second method of ascospore formation was described in Dangeard 
(1907). He was unable to find the astral rays described by Harper. 
Rather, Dangeard reported that a sheet of material spreaded from the 
central body of each nucleus and gradually enveloped the spore. The 
absence of astral rays led Dangeard to modify Harper's original 
description "....here we have not considered filaments, but merely 
that homogeneous, chromatic substance which envelopes the nucleus 
progressively." Similar observations were made by Faull (1912). He 
reported spore delimitation to be effected by a pair of membranes prior 
to the appearance of the astral rays. He pointed out that if the 
astral rays were laid side by side and welded into a ribbon, "they are 
so few and so tenuous that they would form a very small portion of the 
membrane of the spore". Faull's observations were criticized by sane, 
who suggested that Faull misinterpreted polar views of spore formation 
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by astral rays. 
Jones (1925), Jenkins (1939), (for sane species), Heim (1960), 
and Hayman (1964) have offered a third method of ascospore formation. 
All of these mycologists agreed that the cytoplasm was divided into 
segments around the nuclei without the aid of astral rays or centrioles. 
Jones (1925) reported that the planes of cleavage were initiated by 
narrow vacuoles which formed at certain points near the ascus wall. 
Heim (1960) and Hayman (1964) were unable to determine the mechanism 
involved in the segmenting of the cytoplasm around the nuclei. However, 
Mne. Heim said that the astral rays and centrioles reported by other 
investigators were either artifacts of fixation and staining or misin¬ 
terpretations of nuclear-division figures. 
The fourth method of ascospore delimitation reported, and the 
most radically different, was provided by Mittman (1933), Andrus and 
Harter (1933, 1937), and Chadefaud (1943, 1960). These investigators 
held that, prior to spore formation, all eight nuclei of the ascus 
were contained in a very thin membrane (the ascus vesicle). Ascospore 
formation occurred by the constriction of this membrane around the 
individual nuclei. None of these investigators found evidence of the 
astral ray-centriole complex described by other microsoopists. 
Gwynne-Vaughan and Boardhead (1936) reinvestigated the fungus studied 
by Andrus and Harter and suggested that the reported "ascus vesicle" 
was actually a large vacuole. Chadefaud convincingly demonstrated 
that the ascus vesicle in his material was not a vacuole. 
The most significant observations pertinent to the fungus used 
in this study are those of Olive (1944) and Benjamin (1955). Olive 
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conducted detailed light microscope observations on ascosporogenesis 
in Aspergillus fischeri. This species is regarded as having a Sartorya 
perfect stage. Olive found and described the manner of ascocarp and 
crozier development. 
Benjamin conducted a critical evaluation of the perfect stages of 
species of Pénicillium and Aspergillus. He followed cleistothecial 
formation and ascus development in five genera, namely, Eurotium, 
Sartorya, Qnericella, Talararyces and Carpenteles. He was able to 
sharply delineate these genera on the basis of ascocarp initials, asco¬ 
carp wall structure, and pattern of ascus initiation. Benjamin re¬ 
ported that in the genus Bnericella, the ascocarp wall was several 
layers thick, was enveloped by huile cells, that the ascocarp was 
initiated by a coiling of hyphal branches and that ascogonia and 
antheridia were not differentiated. 
The literature dealing with the fine-structural aspects of 
ascosporogenesis is relatively sparse, but there is general agreement 
on some points. In the hemiasccnycetes Hashimoto et al. (1960), Conti 
and Naylor (1960), Marquardt (1963) and Bandoni et al. (1967) have 
reported their findings on ascospore formation. They reported that the 
first evidence of a newly formed ascospore was a double membrane that 
separated the sporoplasm frctn the epiplasm in the ascus. Hashimoto 
et al. (1960) reported that in Saccharcmyces cerevisiae the inner mem¬ 
brane of the double membrane became the plasmalemma of the ascospore. 
Conti and Naylor (1960) speculated that in Schizosaccharcmyces 
octosporus the double membranes were derived from the endoplasmic 
reticulum of the ascus. Bandoni et al. (1967) examined Hansenula 
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anamala and stated that "the double membrane system appears to arise 
through invagination of the plasma membrane of the ascus." Marquardt 
(1963) suggested that for Saccharanyces cerevisiae the spore wall 
material was deposited between the two membranes that bound the young 
spore. 
Studies of ascosporogenesis in the euasccmycetes are those of 
JXbore (1965), Wilsenach and Kessel (1965), Beckett (1966) for Ascodesmis, 
Carroll (1967a, 1967b) for Saccobolus and Ascodesmis, Reeves (1967) for 
Pyronema and Wells (1972) for Ascobolus. These investigators found 
that prior to ascospore formation a double membrane was formed around 
a mass of cytoplasm containing eight nuclei. By progressive constric¬ 
tion of the inner manbrane of the double membrane system around the 
individual nuclei, the ascospores were delimited from the rest of the 
cytoplasm of the ascus. This double membrane system appeared to be 
essentially the same as that described in the light microscopic studies 
of Mittman (1933), Andrus and Harter (1933, 1937), and Chadefaud (1943, 
1960). Wall material was reported to be subsequently deposited be¬ 
tween the two membranes that delimited the spores. Reeves (1967) con¬ 
ducted a critical EM study of ascosporogenesis in Pyronema confluens. 
He described an ascus vesicle, composed of two unit membranes, which 
surrounds the eight nuclei in the ascus of Pyronema before ascospore 
delimitation occurs. The ascus vesicle of Reeves corresponded exactly 
with the double membrane system described by Carroll (1967a, 1967b). 
According to Reeves, after the sporoplasm is delimited by the double 
membrane system, ascospore wall formation is formed between the two 
membranes. The inner membrane of the matrix membranes was considered 
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to serve as the plasmalemma of the ascospore, and the outer membrane 
became the investing membrane of the ascospore. The two membranes were 
reported to gradually separate from each other as additional wall 
material forms the endospore layer of the ascospore. In immature 
ascospores, elements of endoplasmic reticulum (ER) were found near the 
plasma membrane of the sporoplasm. This close association of the ER 
with the plasma membrane was reported to occur only during the develop¬ 
ment of the endospore layer. Therefore, Reeves suggested that ER 
probably plays a part in ascospore wall formation. 
Moens (1971) reported that in the yeast Saccharcmyces cerevisiae, 
ascospore development is initiated through the movement of nuclear 
material and cytoplasm into an envelope, or prospore wall. The pro¬ 
spore wall was reported to appear first at the cytoplasmic side of the 
spindle plaque during the second meiotic division. According to Moens, 
when the "prospores" attain their full size, the envelope closes and 
the ascospore becomes more prominent. Eventually the central zone 
expands into the mature cell wall. 
Moens' description was based on observations of glutaraldehyde- 
fixed material, and it differs in seme details from reports based on 
potassium permanganate-fixed cells. His description of ascospore 
development in Saccharcmyces cerevisiae differs in most details from 
earlier descriptions of this process (Hashimoto et al., 1960; Lynn and 
Magee, 1970; Marquardt, 1963). Moens speculated that on account of 
the use of KMn04 as a fixative by those authors, they could not 
identify the prospore wall and did not determine which of the several 
membranes in the ascus were involved in early spore wall formation. 
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Furthermore, Moens contended that the spatial organization of the 
nuclei and developing ascospores could not be observed in single 
sections. For instance, Hashimoto et al. reported that meiosis I 
produced two nuclei and that each of these divides at meiosis II 
through a central constriction, thus producing four nuclei. It 
appeared to Moens that the nucleus remains undivided during meiosis I 
& II, and that the four ascospore nuclei bud off from the parental 
nucleus. Lynn and Magee showed four nuclei in the early stages of 
the formation of spore plasmalemma. According to Moens, there are 
only three prospore walls while the largest nucleus has no such wall. 
It was speculated that the large nucleus is the parent nucleus. 
In the yeast Hansenula ancmala, Bandoni et al. (1967), reported 
that the double membrane system associated with the developing asco¬ 
spore arises from invaginations of the plasma membrane of the ascus. 
In the yeast Schizosaccharcmyces octosporus, Conti and Naylor (1960) 
suggested that "....the ascospore membranes around each nucleus are 
initially connected." This differs from the system in bakers' yeast 
where the four prospore walls have separate origins and remain separate. 
Moens suggested that because these two studies used KMnO^ fixation, 
they lack three-dimensional information. 
In contrast stands the work of Zickler (1970) on seme species of 
higher asccmycetes. Zickler studied two species of Ascobolus and two 
species of Podospora fixed in glutaraldehyde. She reports that after 
the second meiotic division "....vesicles fuse and form a double mem¬ 
brane parallel to the ascus wall, thus delimiting a cytoplasmic area 
around the dividing nuclei. In postmeiotic mitosis, the double 
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membrane invaginâtes towards the center of the asciis.. .the spores are 
delimited by the confluence of these invaginations...." Her electron 
micrographs show the centrosomal plaques (=centriolar plaques, spindle 
plaques) to be well separated from the initial spore wall. At least 
in the cases reported there did not appear to exist a connection be¬ 
tween the plaques and spore wall observed in Saccharatyces cerevisiae. 
Ultrastructure of ascosporogenesis in Nannizzia gypsea was 
studied by Hill (1975). His findings shew that development of the 
ascospores began with the formation of an ascus vesicle composed of 
two paired unit membranes. Myelin figures consisting of coiled or 
concentric membranes were regularly connected with the growing ascus 
vesicle. Both the aScus vesicle and the myelin figures possessed an 
electron-dense line between paired membranes and both were stained by 
the periodic acid-silver methenamine technique. Invagination of the 
ascus vesicle about the haploid nuclei resulted in eight uninucleate 
prospores bounded by two membranes. Spore wall material was deposited 
between the two membranes of the prospores, and deposition was great¬ 
est in areas of the wall overlying stacked elements of ER. A single 
myelin figure surrounded by a polysaccharide halo was observed in the 
spore. Hill concluded that his evidence indicates that the myelin 
figures (MF's) observed in the asci of Nannizzia serve to donate mem¬ 
branes to the growing ascus vesicle, that similar MFs in the spores 
may be involved in carbohydrate metabolism, and that the localization 
of ER within the maturing spore determines the pattern of spore wall 
deposition. 
Markus (1973) studied the development of wall layers and 
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ornamentation of ascospores with the electron microscope in Ascodesmis 
microscopia (Crouan) Seaver and A. nigricans van Tiegh. She found 
that in both species a primary wall differentiates into two layers, an 
inner endospore and an outer epispore. The secondary wall gives rise 
to patterns of ornamentation and is composed of membranous structures 
in a homogeneous matrix; the epiplasm seems to be involved in its 
formation. She reported no differences in the development of asco- 
spore ornamentation between these two species. Only the final 
patterns of ornamentation were different. 
The electron microscopy of ascospores started with studies on 
yeasts. Hashimoto et al. (1958) and Marquardt (1963) studied 
Saccharomyces; COnti and Naylor (1960), Schizosaccharcmyces; and 
Thyagarajan et al. (1962), Ehodotorula. Since then more recent studies 
have been made by Bandoni et al. (1967) on Hansenula and Lynn and 
Magee (1970) on Saccharomyces. 
Most of the other studies on ascospores deal with the operculate 
Disccmycetes. The most important of these are the studies on Pyronema 
by Reeves (1967), and Hung and Wells (1971) ; on Saccobolus kervemi by 
Carroll (1967a, 1969); on Ascobolus immersus by Delay (1966); on 
Asoobolus stercorarius by Wells (1972) ; and Ascobolus viridulus by Oso 
(1969) ; on Ascodesmis sphaerospora by Moore (1963) and Carroll (1967b) ; 
on Ascodesmis nigricans by Bracker and Williams (1966) ; and on 
Pustularia cupularis by Schrantz (1966, 1967). 
EM studies have been conducted on the structure of ascospores 
by Lowry and Sussman (1958) for Neurospora eras sa; by Beckett et al. 
(1968) on Podospora anserina; by Greenhalgh and Evans (1968) on 
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Hypoxylon fragiforme and by Furtado and Olive (1970 on Sordaria fimicola. 
Ascosporogenesis was not the primary emphasis in these studies. 
The origin of ascospores is considered to be one of the first 
problems to be adequately solved with the electron microscope. In 
nearly all studies the ascospores appear to be delimited by two unit 
membranes that separate a certain amount of sporoplasm from the asco- 
plasm surrounding each nucleus. The origin of the two unit membranes 
is a subject of interest that still appears to be far from being solved. 
In all the foregoing studies the formation of wall layers between 
the two unit membranes is evident. This formation seems to be univer¬ 
sal in the Ascomycetes. Since not all the statements of the authors 
about the position of the wall layers are clear, their terminology is 
somewhat confusing. Although Lynn and Magee (1970) observed two 
differently structured layers in the first wall, a thick electron- 
transparent inner layer (the endospore) and a rather thin electron- 
dense outer layer (the epispore), most authors state that at the 
start, the first wall consists only of an electron-transparent layer, 
virile the epispore at the outer edge of the endospore appears only 
when a certain stage of spore development has been reached. The epi¬ 
spore was described as either multi-layered (Marquardt, 1963; Delay, 
1966); Wells, 1972) or granular (Furtado and Olive, 1970). 
According to Hashimoto et al. (1960), the sporoplasmalenma 
originates frcm the inner delimiting membrane, the generally accepted 
view. In the more recent publications the outer delimiting membrane 
is often called an investing membrane (Reeves, 1967; Carroll, 1969; 
Furtado and Olive, 1970). 
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In many species of Asccmycetes an extra wall develops between 
the first wall and the investing membrane after the first wall has 
formed. Reeves (1967) described this extra wall as a spore matrix. 
Carroll (1969), Furtado and Olive (1970) and Wells (1972) call it a 
perispore; Delay (1966) used the term perisporal sac; and Moore (1963) 
spoke of a secondary wall. Oso (1969) reported the development of a 
mucilaginous layer outside the investing membrane. 
The appearance of this extra wall varies considerably. In 
Pyronema, Reeves (1967) observed a smooth electron-transparent layer; 
in Saccobolus, Carroll (1969) reported a mucilaginous layer in which 
pigment of vacuolar origin could be found at a later stage; in 
Ascobolus this was seen by Delay (1966) and wells (1972) ; in Sordaria 
fimicola, Furtado and Olive (1970) detected a fine fibrillar layer; 
the extra wall in Ascodesmis sphaerospora was described by Carroll 
(1967a) as consisting of fine fibrillar material and by Moore (1963) 
as reticulate, electron-dense material. Seme authors (Oso, 1969; 
Furtado and Olive, 1970) stated that the epispore belongs to this 
extra wall. 
On huile cell formation and development, Ellis et al. (1973) 
investigated using phase contrast and transmission electron microscopy. 
They concluded that huile cells are initiated as swellings of the tips 
of certain hyphae that are associated with the developing ascocarp. 
They also suggested that huile cells are separated from subtending 
hyphae by specialized septa, but may contain internal single perforate 
(asccmycetous) septa. Centripetal deposition of wall materials in 
huile cells is speculated. 
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Subramanian (1972) proposed a new classification scheme which 
includes seme previously recognized genera and new generic naines to 
accommodate additional perfect states with Aspergillus imperfect 
stages. The genera included in the Key To The Perfect States of 
Aspergillus proposed by Subramanian are: Edyuillia,Syncleistostrcma, 
Hemicarpenteles, Sclerocleista, Warcupiella, Bnericella, Eurotium, 
Sartorya and Chaetosartorya. The relationship of these various genera 
to the various "groups" of Aspergilli recognized by Raper and Fennell 
(1965) is given below: 
EUROTIUM A. glaucus group 
EDYUILLIA 
SCLEROCLEISTA 
HEMICARPEOTELES A. ornatus group 
WARCUPIELLA 
SARTORYA A. fumigatus group 
SYNCLEISTOSTRCMA A. ochraceus groip 
CHAETOSARTORYA A. cremeus group 
EMERICELLA A. nidulans groip 
In the paper by Malloch and Cain (1972), the family Trichocoma- 
taceae is discussed and is shown to be the appropriate family for the 
species of cleistothecial asccmycetes with Aspergillus, Paecilanyces 
and Pénicillium imperfect states. The name Eurotiaceae Clem, and 
Shear is shown to be a later synonym for the Trichoccmataceae and the 
name Aspergillaceae Link is shown to be illigetimate when applied to 
asccmycete perfect states. Included in the Trichoccmataoeae are the 
following genera: Byssochlanys West ling, Dactylamyces Sopp, Dichlaena 
Mont, and Dur., Bnericella Berk, and Br., Eupenicillium Ludwig, 
Eurotium Link ex Fr., Gymnoeurotium gen. nov. (type species: 
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Aspergillus athecius Râper and Fennell), Hamigera Stelk and Samson, 
Harpezomyces gen. nov. (type species: Aspergillus chrysellus Kvron and 
Fennell), Hemicarpenteles Sarbhoy and Elphick, Neosartorya gen. nov. 
(type species : Aspergillus ftàcheri Wehmer), Penicilliopsis Solmslau- 
bach, Petranyces gen. nov. (type species : P. alliaceus Malloch and 
Cain), Sporophormis gen. nov. (type species: Aspergillus spinulosus 
Warcup), Talaromyces Benjamin, and Trichocota Junghuhn. It is suggested 
that the genera of Trichocomataeceae have evolved from a stroma tic 
ancestor similar to certain present-day Hypocraceae and have undergone 
several important evolutionary simplifications and modifications. 
Evidence of these changes in both perfect and imperfect states has 
been presented. 
The following description of Bmericella Berk, and Br. is given 
in Malloch and Cain's paper: 
Ascocarp initials coiled, occurring within, and preceded 
by, dense masses of thick^walled huile cells. Ascocarps 
globose, yellcwish to red, occurring singly or in groups 
within the masses of huile cells (type E) . Asci 
irregularly disposed, subglobose to globose, evanescent. 
Ascospores oblate (bivalate), usually with equatorial 
crests, orange to purple-red or blue-violet, smooth or 
roughened on the faces. Canidial state Aspergillus, 
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with œnicHaphores bearing phialides on metulae (type 4b). 
TYPE SPECIS: Rnericella variecolor Berk, and Br. 
CHAPTER III 
MATERIALS AND METHODS 
The fungus, Emerioella quadrilineata, used in this investigation 
was originally isolated frcm a soil sample collected in West Pakistan. 
Cultures used in the study were maintained on Difco malt agar under 
regular laboratory temperature and light conditions. Petri plate cul¬ 
tures were used for most of the study. Materials for LM and TEM pre¬ 
paration were removed frcm the petri plate cultures when the ascocarps 
were at different stages of development. 
Procedure for Light Microscopy 
Materials for observation were obtained by a "slide culture" 
technique. In this technique, Pyrex glass petri plates, filter paper 
circles, glass slides, cover slips, and deionized water were the 
materials used. Culture chambers were prepared by placing in a pyrex 
petri plate, a filter paper circle, a single microscope slide, and a 
coverslip. The petri plate assembly was sterilized by autoclaving. 
After sterilization, malt agar blocks approximately one-half inch 
square, were cut from sterile medium in a petri plate and a block was 
placed on a slide in each culture chamber. Each agar block was 
inoculated on all sides with spores of Emericella quadrilineata. The 
coverslip was then placed on top of the agar block and a milliliter 
of sterile water was introduced to moisten the filter paper in the 
bottom of the culture chamber. Cultures were then incvbated at roan 
temperature under regular laboratory light conditions. 
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Slides were prepared for microscopic study by removing the cover- 
slip from the agar block of a slide culture and placing it on a clean 
glass slide containing a drop of lacto-phenol cotton blue stain. The 
slides were made semi-permanent by sealing the coverslip with clear 
fingernail polish. 
The original slide from the slide culture was also used for ob¬ 
servation by removing the agar block, adding a drop of lacto-phenol 
cotton blue, a coverslip, and the sealant. Slides were prepared fran 
cultures daily and observed daily over a two-week period. This 
enabled developmental changes to be noted during the process of 
cleistothecial formation and maturation. 
Slides for light microscopy were also prepared by transferring 
from petri plate cultures mature and iimvature cleistothecia directly 
to microscope slides and staining them with phloxine. The exposure 
of the ascogenous system was effected by first removing the huile cell 
layer from the peridiun with insect pins. The walls were subsequently 
punctured and the cleistothecium squashed to expose the hyphal matrix. 
Photographs of light microscope preparations were taken with a Wild 
M-20 canpound microscope equipped with a Pentax 35 mm camera. Kodak 
Plus X film was used to record observations. 
Procedure for Scanning Electron Microscopy (SEM) 
All scanning electron micrographs were taken at Brookhaven 
National Laboratory under the direction of Dr. Myron Ledbetter. 
Material from malt agar cultures was used for all SEM preparations. 
For SEM observations developing cleistothecia were removed from the 
culture, transferred directly to specimen stubs, and frozen in liquid 
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nitrogen. Stubs with the frozen material were then placed in the speci¬ 
men chamber of an AMR 1000 £ scanning electron microscope and observed 
for 20-30 minutes. The microscope was equipped with a single crystal 
lanthanum hexaboride electron source. The beam current was approxi¬ 
mately 30 pioo amperes (pA) for most micrographs and 8 pA for sane of 
the others. The accelerating voltage used for all observations was 
5 Kv. Observations were recorded on Kodak Canmercial Film, Estar 
Thick-Base 4127 Thick. 
Procedure for Transmission Electron Microscopy (TEM) 
Cleistothecia at different developmental stages were removed from 
malt agar culture plates and fixed by one of two procedures: (1) Glutar- 
aldehyde (CTAL)-osmium tetroxide fixation, or (2) Paraformaldehyde- 
potassiun permanganate fixation. Unless otherwise stated, all micro¬ 
graphs are taken from CTAL-osmium fixed material. 
GTAL-osmiun fixation. Groups of cleistothecia, at various 
developmental stages, were removed at regular intervals over a two-week 
growing period. This material was fixed for fifteen minutes in 3% GTAL, 
buffered with a 0.05 M cacodylate buffer, at room temperature, followed 
by fifteen minutes in GTAL in the cold. Samples were post-fixed in 
cold 2% osmiun tetroxide, buffered with 0.05 M cacodylate buffer, for 
2 hours, washed in 10 changes, 10 minutes each, of cold deionized 
water, and left overnight in 0.05 uranyl nitrate. Samples were then 
washed in buffer and dehydrated. Dehydration was carried out at rocm 
temperature in a graded ethanol series of 50%, 70%, 95%, and 100% 
ethanol for 10 minutes each, and passed through two changes, 10 minutes 
each, of 100% acetone. Samples were then placed in a 1:1 acetone/Spurr1 s 
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medium for 5 hours. These samples were embedded in 100% Spurr's mediun 
in size 00 Bean capsules, allowed to stand for several hours at roan 
temperature and polymerized for 16 hours in a 60° C oven. 
Paraformaldehyde-potassium permanganate fixation. Cleistothecial 
clusters were fixed in 4% phosphate-buffered paraformaldehyde for 12 
hours and washed in several changes of deionized water. Post-fixation 
was accomplished in 1% unbuffered potassium permanganate for two hours. 
The material was subsequently washed in deionized water and dehydrated 
in an alcohol series of 50%, 70%, 80%, 95%, and 100% ethanol followed 
by infiltration with propylene oxide. The material was embedded in 
Spurr's medium in size 00 Beam capsules and was polymerized at 60° C 
for 16 hours. All fixation procedures were carried out at roam tempera¬ 
ture. 
Sectioning and TEM Observations 
Sections, approximately 300 8 thick, were cut on an LKB Bronma 
ultramicrotane and stained with Reynolds' lead citrate (Reynolds, 1963). 
Sections were mounted on 300 mesh unooated grids or 0.25% formvar coated 
100 mesh copper grids. GTAL-osmium fixed samples were stained with 
lead citrate only. Both uranyl acetate and lead citrate were used in 
the paraformaldehyde-potassium permanganate procedure. All chemicals 
used in this investigation were either reagent grade or chemically pure 
and all water used was deionized. 
An RCA EMU-4 electron microscope operated at 50 Kv was used to 
examine and photograph all specimens. Images were recorded on Kodak 
electron image film, enlarged with a Durst S-45 enlarger, and printed 
on Kodak polycontrast rapid RC or Kodak kodabrcmide RC photographic 
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paper. D-19 developer was used to develop the electron image film and 
Dektol developer was used for printing. 
CHAPTER IV 
OBSERVATIONS AND DISCUSSION 
The formation of the as cospore in Bmericella quadrilineata is the 
culmination of a series of major events, beginning with the formation 
of the ascocarp or cleistothecium. These events are depicted in the 
schematic of a life cycle for E. quadrilineata presented in Fig. 1. 
Cleistothecial formation in this fungus involves the following steps: 
(1) the development of hyphal coils frcm vegetative hyphae; (2) forma¬ 
tion of the cleistothecial initial; (3) development of huile cells 
around the cleistothecial initial; (4) cleistothecial wall development; 
(5) proliferation of an ascogenous hyphal system frcm the innermost 
cleistothecial wall layer; and (6) formation of asci and delimitation 
of asoospores. 
Cleistothecia of E. quadrilineata are globose, 100 to 200 micro¬ 
meters in diameter, and appear at first as yellowish to golden bodies 
dispersed in the mycelium. As more pigment is deposited in the 
cleistothecial wall, they become brown to reddish in color. Enveloping 
the cleistothecial wall are masses of large, thick-walled, globose 
cells, the huile cells (Fig. 2). Huile cells are at first loosely 
arranged around the cleistothecium. As the ascocarp develops, huile 
cells become more compactly arranged and ultimately completely mask 
the cleistothecial wall (Fig. 3). After maturation the huile cell 












Fig. 2. SEM micrograph of a group of cleistothecia (C) in a 
mycelium. Sane of the cleistothecia are immature (a) 
and others are mature (b). 
Note huile cell (HC) association with the cleistothecial 
wall (arrows). Also evident are hyphal interconnections 
between cleistothecia (double arrows). 
X160 
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Fig. 3. SEM of an individual cleistothecium (C) with 




The wall of the cleistothecium is firm and remains intact inde¬ 
finitely enclosing the masses of ascospores that lie free in its 
cavity. The surface of the wall is roughened and has a loose network 
of inflated hyphal strands appressed to its exterior (Figs. 4-6). 
Cleistothecial formation begins with the appearance of hyphal 
coils on branches of the mycelium. Benjamin (1955), in his study of 
ascocarp formation in Emericella referred to these structures as 
"curls" because the loops developed in a plane parallel with that of 
the hyphal branch. The term coil was used where loops formed in a 
plane perpendicular to the hyphal axis. In this study "coils" will be 
used in the sense "curls" was used by Benjamin. Hyphal coils were 
noted to be present in the mycelium in 3-4 day-old cultures. 
Hyphal coils give rise to cleistothecial initials through loop 
doubling, branching and segmentation (Figs. 7 and 8). Three develop¬ 
mental stages in initial formation are shown in Fig. 7. They include 
the early bending of a hyphal strand, looping, and coil thickening. 
The latter stage represents an early cleistothecial initial. Additional 
stages of hyphal coiling are shown in Fig. 8. These stages are less 
mature than the initial shown in Fig. 7. In the young hyphal coil 
initially there is a loose arrangement between the hyphal components 
(Fig. 9). Gradually a more compact association develops as the number 
of loops increase and segmentation occurs (Figs. 10 and 11). Within 
the loop internal branching takes place and the specialized hyphal 
cluster enlarges (Figs. 12 and 13). At this stage, globose huile cells 
begin to form on external hyphae (Figs. 14 and 15). Huile cell forma¬ 
tion progresses rapidly and the compact cluster completely obscures the 
Fig. 4. SEM of a mature cleistothecium with wall partially 
exposed after removal of huile cells. 
Note loose network of hyphae on surface of wall. 
X640 
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Fig. 5. Light micrograph of a cleistothecium showing gross 
morphology, huile cell (HC) associations, asci (AS) 
at various levels with mature ascospores (ASP). 
X500 
Fig. 6. Light micrograph of a cleistothecium showing the same 
features as in Fig. 3, at a higher magnification. 
X2000 
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Fig. 7. Light micrograph showing young hyphal coils (he). 
Note coil development at three levels. 
a. hyphal bending 
b. single complete coil 
c. compact coil of several layers with a 
filled internal matrix 
X500 
Fig. 8. Hyphal coils (he) of several layers showing coil 




Fig. 9. Light micrograph of a young hyphal coil showing the 
initial loose arrangement of the hyphal loops. 
X2000 
Fig. 10. Light micrograph of a young hyphal coil with the 
loops more compactly arranged. 
X2000 
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Fig. 11. Light micrograph of a hyphal coil shewing a layering 
of the developing loops. 
X2000 
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Fig. 12. Light micrograph of a young cleistothecial initial 
(Ci) with the internal region filled with hyphal 
branches. 
X2000 
Fig. 13. Light micrograph of a young cleistothecial initial 




Fig. 14. SEM of a young cleistothecial initial (Ci) surrounded 
by clusters of huile cells. 
X2700 
Fig. 15. Light micrograph of a young cleistothecial initial (Ci) 
surrounded by huile cell clusters (Inset). This 
initial is at a comparable stage of development as the 




cleistothecial initial. As the cleistothecium matures, it increases in 
size and this expansion results in the huile cells becoming more loosely 
arranged over its surface. 
Huile cells of Bmericella quadrilineata are round, have thick 
walls, and average 25 micrometers in diameter (Fig. 16). They form as 
the cleistothecium develops. A schematic drawing depicting huile cell 
formation is presented in Fig. 17. The huile cells arise directly from 
the sterile hyphae surrounding the cleistothecium. They may arise 
from the terminal cell of a hypha or they may be intercalary in origin 
(Figs. 18 and 19). 
The only previous study of huile cell formation appears to be 
that of Ellis et al. (1973). E. nidulans was the species used by these 
investigators. They reported that huile cells were initiated by 
swellings at the tips of certain hyphae associated with the ascocarp 
wall. Huile cells were regarded as terminal or intercalary in position. 
Ellis et al. suggested that in E. nidulans huile cells originate from 
hyphal tips and may become intercalary through the outgrowth of a germ 
tube on the opposite side of the cell. 
Observation on huile cell formation made in this study corrobor¬ 
ates, to some extent, the findings of Ellis et al. In E. quadrilineata 
huile cells have been found to be both terminal and intercalary in 
position (Figs. 20 - 23). The manner of origin of intercalary huile 
cells differs with that reported by Ellis et al. for E. nidulans, how¬ 
ever. In E. quadrilineata intercalary huile cells may originate by the 
swelling of cells within a hyphal strand or they may arise directly from 
Fig. 16. Light micrograph of a group of mature huile cells 
(HC) showing the general morphology. 
X2000 
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Fig. 17. Schematic representation of huile cell structure 
and development. 
HULLE CELL STRUCTURE AND DEVELOPMENT 
Huile Cell Structure 
Huile Cell Formation and Development 
1. Terminal 
Fig. 18. Light micrograph showing huile cell initiation on 
hyphal branches. Numbers correspond to developmental 
stages. 
1 = initial swelling of hyphal cell; 
2 = initial swelling with seme elongation; 
3 = elongation and growth of initial; 
4 = cell enlargement and growth 
X2000 
Fig. 19. Light micrograph shewing mature huile cells. Lateral 
development (a); intercalary huile cells with germ 
tube (b) ; terminal huile cell (c). 
X2000 
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Fig. 20. Light micrograph showing huile cell developing 
in a terminal position. 
X430 
Fig. 21. Light micrograph showing huile cell developing 
in an intercalary position. 
X430 
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Fig. 22. Light micrograph shewing young huile cell in an 
intercalary position. 
X4300 
Fig. 23. Light micrograph shewing huile cell in different 
wall development stages. 
1 = Huile cell initial with undeveloped wall 
2 = Young huile cell with undeveloped wall 
3 = Huile cell with increased wall thickening 




another huile cell (Figs. 24 and 25). In Fig. 21 huile cell initials 
can be noted at several positions along the hyphal strands. Mere 
mature huile cells are shown in Fig. 23 and a canparison of mature and 
inmature cells can be made. As shown in Figs. 20 - 23 huile cell 
formation involves the extension and swelling of a hyphal tip cell, or 
the swelling of an intercalary cell and a subsequent thickening of the 
cell wall. In Fig. 20, a huile cell is shown in a terminal position. 
The formation of intercalary huile cells is shown in Figs. 21 and 22. 
Cue huile cell is shown arising frem another in Figs. 24 and 25. In 
Figs. 26 and 27, mature huile cells are shown that were derived from 
a terminal hyphal cell. LM and TEM views of huile cells are shown in 
these figures. 
TEM observations reveal that mature huile cells contain small 
vacuoles and relatively dense cytoplasm confined to a relatively small 
area within the cells (Fig. 27). The wall surrounding the protoplast 
is greatly thickened except for a narrow zone occupied by a neck-like 
protrusion of the protoplast to the outside of the cell where it 
connects to or was connected with a hyphal strand. Immature huile 
cells have thinner walls and less dense cytoplasm (Figs. 28 and 29). 
The cytoplasm contains many mitochondria, EIR segments, membrane whorls, 
and numerous vesicles. As shown in Figs. 28 and 29, at this stage 
vesicles are often found associated with the plasmalenma of the young 
huile cell. This association suggests that wall deposition is related 
to vesicle activity. 
Inmature huile cells are not as highly vacuolated as the mature 
huile cells. They also differ in other structural respects. For 
Fig. 24. Light micrograph showing adjacent huile cells 
developing. 
XL700 




Fig. 26. Light micrograph of a mature terminal huile cell. 
Note that only one hyphal connection zone passes 
through the wall of this cell. 
X1700 
Fig. 27. TEM section of a mature terminal huile cell. 
X13,600 
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Fig. 28. TEM section of an immature huile cell. 
Note relatively thin wall, numerous mitochondria, 
groups of membrane whorls, and vacuoles. 
N = nucleus 
V = vacuole 
M = mitochondria 
MW = membrane whorls 




Fig. 29. TEM section of an immature huile cell shewing wall 
structure at this stage or organization of protoplast. 
Note that at this stage the developing wall has three 
recognizable layers, the very thin electron dense 
layer (1) ; an electron opaque layer (2) ; and an 
electron transparent layer (3). 
Vesicles (Ve) lying outside the plasmalerana are also 
shown. These vesicles appear to be functioning in 
wall deposition. Other organelles shown are 





example, lomasane-like groups of vesicles are common in young huile 
cells but are not present in cells that are mature (Fig. 27). Their 
presence appears to be correlated with wall deposition, for in immature 
cells the walls are relatively thin. 
Mature huile cells have walls that consist of four relatively 
well-defined layers. These layers may be described as a thin outermost 
electron dense layer, an outer electron opaque layer beneath, a very 
thick electron transparent layer and an innermost electron opaque layer 
comparable to the electron opaque layer in the outer periphery. The 
number of layers present in immature cells reflect the developmental 
stage (Fig. 30). In young huile cell initials the layer to appear 
first is the electron dense layer. The outer electron opaque layer 
appears to develop simultaneously with it. These layers persist and 
the very thick electron transparent layer gradually develops. The 
innermost electron opaque layer is the last to develop. 
In addition to light and transmission electron microscopy, huile 
cell formation has been studied by scanning electron microscopy. Seme 
results of SEM observations are presented in Figs. 31 and 32. As 
shown in Fig. 31, huile cells initially appear as swellings at the ends 
or within hyphal branches. The number of huile cell initials increase 
and the cells became more compactly arranged as cleistothecium develop¬ 
ment progresses (Fig. 32). 
Further TEM details of huile cell development are shewn in Figs. 
33-37. Figure 33 shows a hyphal extension from the protoplast of a 
huile cell. Such an extension may or may not elongate as the one shown 
in Fig. 34. In either case, a slightly rounded tip of the hyphal 
Fig. 30. TEM showing structure of huile cells at three 
different stages of development. 
a. Immature huile cell with vacuole and thin 
cell wall (CW) 
b. Inmature huile cell with slightly thicker 
wall (CW) 
c. Mature huile cell with fully developed 
wall (CW) 
Note differences in protoplast organization and 
organelle behavior in the different cells. 
X36,000 
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Fig. 31. SEM showing huile cell initiation at different 
stages of development. Hci = huile cell initial 
X3400 
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Fig. 32. SEM showing roughened hyphae and associated 
huile cells. 
Note the loose network of hyphae. 
X3400 
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Fig. 33. TEM section of portions of huile cells enlarged \ 
internal structure of protoplasts in mature and 
immature huile cells. 
Note association of vesicles with plasma membrane 
(single arrows) ; mitochondria (M), vacuole (V), 
cell wall (CW) of both mature and irrmature huile 
cells, and hyphal extension which will give rise 
to another huile cell. 
X37,500 
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Fig. 34. TEM section of base of mature huile cell enlarged 
to show septum (Se) formation in extension between 
mature cell and newly forming huile cell. 
X21,600 
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Fig. 35. TEM section through basal region of a mature huile 
cell showing connection with newly forming huile 
cell. Newly formed huile cell is indicated as an 




Fig. 36. TEM section at base of mature huile cell showing 
relationship to newly forming huile cell. Proto¬ 
plast of nature huile cell is separated from 
hyphal extension by a septum, (Se). 
Note storage materials and conspicuous membrane 
whorls in hyphal connection. HCi = huile cell initial 
X39,000 
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Fig. 37. TEM section through basal portion of mature huile 
cell showing part of hyphal connection to 
another huile cell. 





extension may become separated from the original cell by the formation 
of a septum. Further rounding or swelling of this cell may result in 
a new huile cell initial (Fig. 35). 
In Figs. 36 and 37, a young huile cell has become separated from 
its previously connected mature cell. Seme variation in wall develop¬ 
ment in the electron transparent layer is also shown along the peri¬ 
phery of developing walls by the uneven thickness in this wall layer. 
Additional associations of huile cell to huile cell are shown in Fig. 
38, an SEM micrograph. 
Clusters of huile cells as typically found surrounding young 
cleistothecia are shown in the SEM micrograph presented in Fig. 39. 
Associated subtending hyphae and hyphal anastomoses giving rise to 
huile cell clusters, are shown in Fig. 40. The intimate relationship 
between huile cells and the wall of the cleistothecium is shown in 
Figs. 41 - 42. Views of cleistothecial wall structure at the light 
microscope level are shown in Fig. 41. The section through a cleisto¬ 
thecium shews a relatively thin, two to three layered thick cleistothe¬ 
cial wall and scattered surrounding huile cells. The darkened pseudo- 
parenchymatous nature of the cleistothecial wall is revealed in a 
portion of the surface of the wall shown in the second micrograph in 
Fig. 41. 
A surface view of a mature cleistothecium as revealed by SEM is 
shown in Fig. 42. The attachment of hyphal strands that produce huile 
cells are shown on the wall surface and the roughened, warty nature of 
the cleistothecial wall is evident. 
Fig. 38. SEM of canpact huile cell cluster on surface of 
cleistothecium. 
Arrows indicate huile cell to huile cell associations. 
Note hyphal connections between some huile cells. 
X3500 
56 




Fig. 40. SEM of huile cells with associated subtending hyphae. 
Note slightly roughened surface of huile cells. 
X3600 
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Fig. 41. a. Light micrograph of a section through a 
cleistothecium shewing 2-3 cell thick nature 
of cell wall and scattered huile cell 
association bearing hyphae. 
b. Portion of the star face of the wall of a young 
cleistothecium showing darkened pseudoparen- 
chymatous nature of the outer region of the 
wall. 
Note hyphal connections and huile cells. 
X1000 
59 
Fig. 42. SEM of a mature cleistothecium showing the attachment 
of huile cell producing surface hyphal strands. 





Figure 43 provides a TEM section through a portion of the wall 
of a mature cleistothecium. Sections of portions of mature ascospores 
are also shown. Slight variations in wall layer thickening is evident 
in this section. This variation appears to be due to the degeneration 
of hyphal cells in the inner layers of the cleistothecial wall. 
A section through the wall of a somewhat younger cleistothecium 
is shown in Fig. 44. In this figure the wall is thicker and reveals 
inner layers from which the ascogenous system is derived. Seme of the 
cells appear in longitudinal section as well as in cross-section 
indicating that hyphal strands making up the wall are arranged in a 
network-like fashion. 
Figure 45 shows wall cells at high magnification. This TEM 
section was taken from potassium permanganate fixed material. Wall 
cells in this section show a number of vesicle aggregates termed lcma- 
semes by some investigators, thickened walls, and a highly electron 
dense intercellular matrix. Both longitudinal and cross-section of 
wall cells are present. The highly invaginated plasma membrane appears 
to be typical of these cells and is apparently due to the release of 
numerous vesicles into the surrounding wall matrix. 
Segments of the hyphal system of the wall that give rise to asco¬ 
genous hyphae are shown in Fig. 46. Protoplasts in the outer cells of 
the cleistothecial wall degenerate when the cleistothecium matures. 
Though the intracellular integrity of wall cells is lost, cell walls 
may remain intact indefinitely. After the ascospores have been re¬ 
leased through ascus deliquiescence, the peridium may be broken 
mechanically or split resulting in the release of the ascospores. 
Fig. 43. TEM section through portion of the wall of a mature 
cleistothecium. 
Note sections of portions of mature ascospores 
in cavity of cleistothecium. 
X24,000 
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Fig. 44. TEM of a portion of a cleistothecial wall and the 
associated inner hyphal systan frcm Which asci are 
derived. (Potassium permanganate fixation) 
X18,000 
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Fig. 45. High magnification TEM section of cleistothecial wall 
cells. (Potassium permanganate fixation) 
Note vesicle aggregates, thickened walls of hyphal 
cells, and the electron dense intercellular matrix. 
Cells appear in longitudinal as well as cross-section 
indicating the network arrangement of hyphal cells 
that make up the layer. 
Note typical highly invaginated plasna membrane, a 
configuration due, apparently, to the release of 
numerous vesicles into the wall matrix. 
X52,500 
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Fig. 46. TEM of a portion of the cleistothecial wall hyphal 





Details of cleistothecial formation and development as described 
here are in general agreement with the reports of Benjamin (1955) and 
Olive (1944) for E. nidulans and Aspergillus (Sartorya) fischeri, 
respectively. These authors made only light microscope observations, 
however. These ultrastructural details presented here are new for 
there are no previous published reports of EM studies on cleistothecial 
formation in this group. 
Ascus and Ascospore Development 
Observations were made under light microscopy of 5-, 6-, and 
7-day-old cultures of E. quadrilineata in order to ascertain details 
of ascus and ascospore formation. Results of these observations are 
presented in Figs. 47 - 53. In Fig. 47, a portion of the cleistothe¬ 
cial wall is shown that reveals the relationship between the wall and 
the internal hyphal system that gives rise to the asci. An attached 
huile cell is shown outside of the wall. 
In young cleistothecia of 5-day-old cultures, ascogenous hyphae 
bearing crozier-like hyphal segments can be observed (Fig. 48). As 
mentioned previously, ascogenous hyphae arise frcm the inner layer of 
the cleistothecial wall. These hyphae branch and ultimately fill the 
cleistothecial cavity as it enlarges. Ends of these hyphal branches 
crook or enlarge and became precursor cells of asci (Fig. 48). No 
evidence of hyphal fusions have been noted preceding the formation of 
crozier-like hyphal segments. The origin of the crozier elements and 
ascus precursor cells remains obscure. 
The formation of the ascus in E. quadrilineata does not appear 
to follow the developmental pattern reported for most asocmycetes. In 
Fig. 47. Light micrograph of a portion of a mature 
cleistothecium showing the relationship of the 
cleistothecial wall (C1W) to the internal 
ascogenous hyphal system. A huile cell is 




Fig. 48. Light micrograph of the internal branched hyphal 
system of a young cleistothecium. The hyphal 
system gives rise to crozier-like segments at 
their ultimate ends. These segments develop 
into asci. 
X3760 
Fig. 49. Light micrograph of the internal hyphal system 
of a more mature cleistothecium. Ascus mother 
cells (ASm), crozier-like branches, and asci 
at variotas developmental stages are shown. 
X3750 
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Fig. 50. Light micrograph of young asci (AS) at different 
stages of development. 
Note two mature ascospores near young asci. 
X3750 
Fig. 51. Light micrograph showing several asci (AS) at 
different stages of development and a portion 




Fig. 52. Light micrograph showing the internal ascogenous 
hyphal system of a young cleistothecium. 
As = Ascus 
X3750 
Fig. 53. Light micrograph showing various stages in ascal 




this species the ascus appears to be derived fran the terminal cell of 
crozier-like hyphal segments or fran an enlarged cell that terminates 
in short, irregular branches. Repeated lateral branching occurs in 
this hyphal system and results in clusters or short chains of asci 
(Fig. 49). 
The terminal cells of the hyphal segments, the ascus precursor 
cells are presumed to became binucleate at sane stage of development. 
This speculation has not been verified however by any cytological 
method. These cells are also considered to be the site of karyogamy 
and meiosis. Incipient swelling of the ascus mother cell would be 
associated with these cellular events. Enlarging ascus mother cells 
and young asci are shown in Figs. 50 and 51. 
A cluster of asci fran a seven-day-old culture is shown in Fig. 
52. Several ascal developmental stages are shown in Fig. 53. They 
include ascogenous hyphae, crozier-like segments, immature asci with 
immature ascospores and mature asci with mature ascospores. 
SEM views of the ascogenous hyphal system are shown in Figs. 54- 
57. These micrographs confirm the general structure of the internal 
cleistothecial system and the arrangement of asci. As shown in Fig. 54, 
developing asci occur in very dense, irregularly arranged groups or 
clumps. Several asci arising fran a common hyphal segment are present 
in this figure. Covering the asci and associated hyphal elements is a 
thin sheet-like matrix that appears to represent mucilaginous materials 
that fill the spaces in the ascogenous system. Crozier-like hyphal 
segments are shown in Fig. 55. These resemble those crozier-like 
elements observed in light microscope observations (Figs. 48-53). 
Fig. 54. SEM of the ascogenous system of a young cleistothecium. 
Note clusters of asci and hyphal connections. 
Remnants of the interhyphal and interascal mucilagin¬ 
ous matrix is shown. 
X890 
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Fig. 55. SEM showing clurrps of asci at different stages 
of development. 
As = ascus CR = crozier-like segments 
X1760 
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Fig. 56. SEM of a developing ascal cluster. 
X1780 
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Fig. 57. Enlarged SEM view of young asci. Note the presence 
of fragments and other remains of mucilaginous (Me) 




Figure 56 shows asci on hyphal branches that arise from the inner wall 
layer. An enlarged view of young asci shewing the associated matrix and 
discrete fragments of this material on the wall surface of asci is 
shewn in Fig. 57. 
Transmission Electron Microscopy of Ascus Development 
With transmission electron microscopy further details on ascus 
development and ascospore formation have been obtained. During early 
cleistothecial development its interior becomes filled with an irregular, 
much-branched hyphal system. Portions of this system were noted in the 
section on light microscope observations (Figs. 48-53). A thin section 
through a portion of a young cleistothecium at a comparable state of 
development as shown in Figs. 48 and 49 is shown in Fig. 58. The 
primary 2-layered structure of the cleistothecial wall is shown. A 
third discontinuous innermost layer that is apparently involved in the 
development of the ascogenous system is also evident. Also shewn in 
this figure is the loosely arranged, highly branched internal hyphal 
system of the cleistothecium from which asci are derived. Ascogenous 
hyphae towards the central region of the cleistothecium contain ascus 
mother cells. Seme crozier-like hyphal branches are present in this 
region as well as in other regions of the hyphal system. The cleisto¬ 
thecium frem which the section in Fig. 58 was obtained was from a six- 
day-old culture. Clear evidence of the relationship between the inner¬ 
most wall layer of the cleistothecium and the internal hyphal system 
is presented in Fig. 59. In this figure branches of hyphae are shown 
originating frem the inner wall layer. These hyphal cells are highly 
vacuolate and contain numerous vesicles. 
Fig. 58. TEM of a young cleistothecium showing its internal 
developing byphal system. Note the irregular, 
often canpressed innermost layer of the cleisto- 
thecial wall, its association with the ascogenous 
system. 
ASm = ascus mother cell 
CR = crozier-like hyphal segments 
X9700 
77 
Fig. 59. TEM through wall region of cleistothecium 
showing the relationship of the inner wall layer 




In Fig. 60 a section of an ascogenous hypha is shown. The hyphal 
segment contains numerous vesicles, membrane whorls, and storage 
material. The ends of crozier-like structures are shown in Figs. 61 
and 62. Ttoo nuclei are present in the hyphal structure in Fig. 62 
suggesting a dikaryotic condition. 
Other crozier-like hyphal segments are shown in Fig. 63. Forking 
of segments as shown in the figure apparently results in the develop¬ 
ment of clusters of ascus initials. Well-developed membrane systems 
are present in these cells along with large amounts of glycogen. Seme 
of the membrane systems are associated with vacuoles. Figure 64 repre¬ 
sents a section through a developing ascus mother cell. 
Further examples of the Irregular branching pattern and widely 
dispersed nature of the ascogenous hyphal system in a young cleisto- 
thecium are shown in Fig. 65. The spaces between the hyphal segments 
are filled with mucilaginous fluids. These observations corroborate 
findings under light and scanning electron microscopy on the develop¬ 
mental patterns of the ascogenous hyphae for in this figure tips of 
enlarging crozier-like structures are shewn as well as sections of 
hyphal ends that have begun to differentiate into asci. 
Details of the internal structure of ascus mother cells are 
shewn in Figs. 66 and 67. A single ascus mother cell that probably 
contains a fusion nucleus is shewn in Fig. 66. This ascus mother cell 
has developed a form typical of that of a mature ascus and is separated 
frem its supporting cell by a septum. Also in this figure, a crozier- 
like lateral branch that has arisen frem the supporting cell is evident. 
This is one of the mechanisms by which ascal clusters, shown under SEM 
Fig. 60. Section of portion of an ascogenous hyphae. 
Note the presence of large amounts of storage 
material (G), membrane whorls (arrow), and the 
electron transparent nature of the cell wall (CW). 
X20,400 
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Fig. 61. TEM of a section of end of crozier- 
segment. 
N = nucleus M = mitochondria 
like hyphal 
V = vacuole 
X20,400 
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Fig. 62. TEM of a crozier-like hypha segment. 
Note the binucleate nature of the segment and 
the membranous structures (arrows). 
N = nucleus V = vacuole G = glycogen 
M = mitochondria 
X18,000 
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Fig. 63. TEM of sections of portions of several segments. 
Note membrane configurations and large amounts 
of storage material (G). Note also the presence 
of ascus mother cells. 
Se = septum G = glycogen 
ASm = ascus mother cell 
X18,000 
e3 
Fig. 64. TEM of a section through the terminal end of a 
crozier-like structure showing an ascus mother cell. 
X37,500 
Fig. 65. TEM through section of a young cleistothecium 
showing the segment of the ascogenous hyphal system. 





Fig. 66. TEM of a section through an ascus mother cell. 
The single nucleus shown suggests that this cell 
is premeiotic. Note crozier-like lateral branch 
frcm ascus supporting cell. Present also in the 
micrograph is a portion of a mature ascus with 
fully developed ascospores. Note structure of 
wall of mature ascus. 
N = nucleus M = mitochondria 
X25,500 
Fig. 67. TEM of developing asci originating from a common 
ascogenous hyphal branch. 




in Figs. 54-57, originate. Other aseus mother cells arising from a 
common ascogenous hyphal segment are shown in Fig. 67. The absence 
of nuclei or portions of nuclei in the ascus mother cells shown in this 
figure suggest that these cells were probably at the diploid pre- 
meiotic state. 
Young asci at later developmental stages, but prior to ascospore 
cleavage, are shewn in Figs. 68 and 69. A young ascus at what is 
interpreted as the 2-nucleate state is shown in Fig. 68. The general 
size of the cell and the nuclei to cytoplasm proportion suggest that 
only 2 nuclei were present in this cell. These nuclei are considered 
to represent, therefore, products of the first meiotic division after 
karyogamy. In Fig. 69 the developing ascus is larger than the one 
shown in Fig. 68 and more than 2 nuclei are present. Again, in the 
absence of confirming serial sections, the nuclei to cell volume ratio 
suggest that this ascus is at the 4-nucleate developmental stage. 
Details of the internal organization of developing asci, prior 
to spore delimitation, are shown in Figs. 70 and 71. Asci at this 
stage of development have an extensive membrane system, possess 
several vacuoles with occluding material, and contain several lipid 
bodies in addition to mitochondria and other regular organelles. 
Increased vacuolation is associated with further development (Fig. 72). 
Sections of two additional asci at similar developmental stages are 
shown in Fig. 73. Differences in wall formation of developing asci 
are shown in this figure. 
The internal organization of an ascus prior to ascospore delimi¬ 
tation is also shown in Fig. 74. Vesicle involvement in ascus wall 
Fig. 68. TEM of ascus mother cell in 2-nucleate stage. 
X75,000 
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Fig. 69. TEM of ascus mother cell containing several 
(probably four) nuclei. 
X75,000 
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Fig. 70. TEM of a section through a young ascus showing details 
of internal organization to ascospore delimitation. 
Note the presence of membrane whorls associated with 
vacuoles (arrows). 
M = mitochondria ER = endoplasmic reticula 
N = nucleus G = glycogen L = lipid 
X28,900 
Fig. 71. TEM of a young ascus similar to that shown in Fig. 70. 
M = mitochondria L = lipid G = glycogen 
X28,900 
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Fig. 72. TEM of a section of an ascus at a developmental 
stage somewhat later than that shown in Figs. 70 
and 71. Note the elaborated vacuolar system and 
vesicle aggregates in the outer periphery of the 
ascus. 
Note the membrane segments associated with 
elongate vacuolation in the peripheral region 
of the ascal cytoplasm. 
V = vacuole N = nucleus AW = ascus wall 
X28,900 
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Fig. 73. TEM of a section of young asci at prespore 
delimitation stages. Note differences in 
ascus wall structure of the two asci. 
X37,600 
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Fig. 74. TEM of a young ascus showing typical wall structure, 
the broad inner, electron transparent zone and the 
narrow, electron dense outer zone. 
Note large vacuole with membrane profiles, and 
numerous vesicles in vicinity of the developing 
ascus wall. 
V = vacuole ER = endoplasmic reticulum 




thickening is clearly evident in this micrograph. Further evidence of 
vacuoles and internal vesicle relationships is also provided in this 
figure. 
The early stages of ascospore delimitation is shown in Fig. 75. 
Delimitation is associated with the appearance of elongate continuous 
membrane profiles that extend through the ascal cytoplasm and envelope 
the spore initial (Fig. 76). The spore delimiting membrane has the 
typical double membrane profile described by Reeves (1967), Wells 
(1972), and others for the structure now called the ascus vesicle. In 
E. quadrilineata, however, there appears to be no single and continuous 
membrane that forms around the peripheral region of the ascus and 
delimits spores by invagination (Figs. 75 and 76). Instead, discon¬ 
tinuous profiles appear to form in the peripheral region of the ascal 
cytoplasm and separately envelope a body of cytoplasm and a nucleus to 
delimit a spore (Fig. 76). 
Once the ascospore has been delimited the wall layer begins to 
form. Sane of the delimited ascospores are shown in Figs. 77 and 78. 
Wall deposition occurs in the space between the double membranes of 
the spore delimiting membrane. In Fig. 77 there is no indication 
that the wall deposition has begun around the ascospores shewn. These 
ascospores are apparently newly delimited. The first layer of wall 
material is shown around the ascospore in Fig. 78. This layer is thin 
and mostly electron transparent. It resembles the initial layer 
described by most authors that have reported on wall formation during 
ascosporogenesis. 
In Fig. 79 three ascospores are shown at a later stage of 
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Fig. 75. TEM of an ascus shewing an early stage of 
ascospore delimitation. 
Note partial profiles of ascospore delimitating 
membranes. 
SDM = spore delimiting membrane 
N = nucleus 
G = glycogen 
CW = cell wall 
V = vacuole 
X25,000 
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Fig. 76. TEM of a section through an ascus showing newly 
delimited ascospores. 
Note general configurations and positions of 
spore delimiting membranes around the ascospores. 
N = nucleus 
M = mitochondria 
SDM = spore delimiting membrane 
X25,500 
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Fig. 77. TEM of a section through an ascus with newly 
delimited asoospores (Asp). 
X28,900 
Fig. 78. TEM of a section through an ascus with delimited 
ascospore (Asp) showing early wall development. 
M = mitochondria 
EIR = endoplasmic reticulum 
AW = ascus wall 
X25,500 
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Fig. 79. TEM section through an ascus with developing 
ascospores. 
Asp = ascospore 
AW = ascus wall 
N = nucleus 
M = mitochondria 




development. A definite increase in wall thickness, above that shown 
in Fig. 78, is evident. In a near median longitudinal section of one 
spore the uneven development of wall thickness around the ascospore 
is apparent. In this ascospore the wall is thicker along the sides 
of the spore than around its ends. The outer investing membrane of the 
spore delimiting membrane persists outside of the spore wall. 
Asci with nearly mature ascospores are shown in Figs. 80 and 81. 
As can be observed in the figures the side walls of the ascospores are 
now considerably thickened and taper to thinner walls at their poles. 
At each pole four thin-walled projections represent sections through 
the four equatorial crests that characterize E. quadrilineata. The 
two inner crests are somewhat larger and are more conspicuous than the 
two outer crests. The region in the wall between the two inner crests 
becomes the pulley wheel-like groove noticed when end views of spores 
are seen under light microscopy. 
As shown in Figs. 82 and 83, the side walls of mature ascospores 
are electron dense but do not appear to have a layered structure. 
Preservation of the walls are not good, however, in the micrographs and 
it cannot be stated with certainty that a layered structure is absent 
in these spore walls. 
Remnants of the ascal cytoplasm persists outside the ascospores 
shown in Figs. 82 and 83. Disintegration of organellar components in 
this extrasporal cytoplasm is evident however. Materials resulting 
from this deterioration of the cytoplasm appear to play no role in 
ascospore wall formation. All wall material appears to have been 
derived intrasporally. The mechanism of wall deposition is not clearly 
Fig. 80. TEM section of an ascus with 3 ascospores at a 
later stage of development than shown in Fig. 79. 
Note increase in wall thickness and difference 
in thickness in wall along the sides of the 
spore when compared with its ends. 
Asp = ascospore 
AspW = ascospore wall 
N = nucleus 
X25,500 
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Fig. 81. TEM section through a nearly mature ascus with 
ascospores. 
Note the presence of the highly thickened electron 
dense side wall of the ascospores and the sections 
of the equatorial crests at each end of the spore. 
X25,500 
Fig. 82. TEM section through a mature ascus showing 
ascospôres with fully developed walls. 
X25,000 
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Fig. 83. TEM section of mature ascospores free in the 
cavity of a cleistothecium. 
Note section through equatorial crests indicated 





evident in Figs. 82 and 83 due to the poor internal preservation of 
the spore cytoplasm at this stage of development. 
When asci mature their walls degenerate and the spores became 
free in the cleistothecial cavity. In Fig. 84, sections through 
several ascospores in the cavity of the cleistothecium are shown. In¬ 
ternal contents of the ascospore are indistinct but the thick side 
walls and sections of the equatorial crests are distinct. 
Mature ascospores as viewed by SEM are shewn in Fig. 85. The 
disc-like shape of the spores and the equatorial crests with pleats 
and ridges are strikingly revealed in these micrographs. 
This research provides seme additional insight into the ultra- 
structural details of the developmental processes involved in asco¬ 
spore formation in E. quadrilineata. In several other fungi spore 
delimitation membranes have been found to be derived from a peripheral 
double membrane sac called the ascus vesicle (Carroll, 1969; Delay, 
1966; Reeves, 1967). In E. quadrilineata a peripheral double complex 
was found to be present but there was no evidence of the presence of a 
complete sac which invaginates to delimit ascospores. Instead small 
segments of the double membrane system appear to surround each asco¬ 
spore individually. This appears to be the process that is operative 
in ascospore delimitation in this species. 
Fig. 84. SEM of a group of mature ascospores showing the 
spore profile, the smooth surface, and the four 
equatorial crests, two of which are conspicuous 
and two which are slightly reduced. 
These spores were prepared for SEM observations 
by sputter coating with gold palladium. 
X9,500 
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Fig. 85. High magnification SEM of mature ascospores 
showing details in spore morphology. 
Note the four equatorial crests with pleats, 
two central conspicuous crests with two 
smaller or slightly reduced ones, and the 





Cleistothecium development, huile cell formation, and ascus 
formation has been studied with light, scanning, and transmission 
electron microscopy. The cleistothecium has been found to develop 
initially from the growth and proliferation of sterile byphae which 
coil inwardly to form a circular structure. Subsequently the coiled 
structure increases in size by cell enlargement, internal and external 
branching, and becomes a globose body. Associated with the formation 
of the cleistothecial wall is the development of enlarged, round, 
thick-wall cells, the huile cells, over its surface. These specialized 
thick-walled cells surround the cleistothecium completely. Initially, 
there is a loose association of huile cells to the developing cleisto- 
thecia. As the asoocarp develops, more huile cell aggregates become 
associated producing clusters which completely mask the wall of the 
asoocarp. Upon maturation of the cleistothecium, this association 
gradually deteriorates until there is little or no huile cells asso¬ 
ciated with the exposed mature ascocarp wall. 
The huile cells develop as the cleistothecium forms and arise 
from the sterile hyphae on the surface of the ascocarp. Cells making 
up the wall layers are typically highly vesicular suggesting a role 
in further development of the wall. The wall of the ascocarp is 
pseudoparenchymatous with elongate cells, two- to three-cell layers 
thick, with the walls of the component cells thickened and pigmented 
105 
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During clieistothecial development, asci are formed fran crozier-like 
structures which are derivatives of the internal ascogenous hyphae. 
The development of the crozier-like hyphal system is the result of 
continued branching of ascogenous hyphae. Obese structures then give 
rise to asci. 
The asci develop as swellings at the tips of crozier-like hyphae 
which branch irregularly and separate from the supporting ascogenous 
hyphal segment. As the asci mature, they enlarge, became highly 
vacuolate, form double membrane segments in the periphery, and 
asoospore delimitation begins. Delimitation appears to be associated 
with the appearance of discontinuous membrane profiles extending 
through the ascal cytoplasm that envelope the asoospore initial 
individually. The wall layer of the asoospores begins to develop 
once the asoospore has been delimited. Wall deposition occurs in the 
space between the double membranes of the spore delimiting membrane. 
The first layer of wall material around the ascospore is thin and 
mostly electron transparent. At later developmental stages, a 
definite increase in wall thickness is evident, and there is variation 
in the deposition of materials around the spore. The wall is thicker 
along the sides of the spore than around the ends. The outer investing 
membrane of the spore delimiting membrane persists outside of the 
spore wall. 
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